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Abstract 
Heavy metal (Cd, Cr, Cu, Hg, Pb, Zn) concentrations identified in the muscle tissue of seven fish species (silver carp 
Hypophthalmichthys molitrix, grass carp Ctenopharyngodon idellus, crucian carp Carassius auratus, carp 
Cyprinus carpio, Coreius heterodom, catfish Silurus asotus, and yellow-head catfish Pelteobagrus 
fulvidraco) from the Yangtze River were measured. Additionally, the relationships between fish size (length and 
weight), condition factor, and metal concentrations were investigated by linear regression analysis. Metal 
concentrations (mg/kg wet w.) were found to be distributed differently amongst the different types of fish. The 
highest concentrations of Cu (1.22) and Zn (7.55) were measured in yellow-head catfish. The catfish also showed 
strikingly high Cd (0.115) and Hg (0.0304) concentrations. The crucian carp and common carp showed highest levels 
of Pb (0.811) and Cr (0.239), respectively. 
The results of comparisons made between metal concentrations and the fish size parameters demonstrated positive 
relationships between fish sizes and metal levels in most cases, with negative relationships found only between 
mercury and chromium levels in the size of catfish and yellow-head catfish. The variance observed in the 
relationships between metal concentration and fish size, as measured among different fish species, may be related to 
the differences in ecological needs, swimming behaviors, and metabolic activity.  
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1. Introduction 
The rapid development of industry and agriculture has resulted in an increase in the pollution of rivers 
and lakes with heavy metals, which have been identified as a significant environmental hazard for 
invertebrates, fish, and humans [1]. Significant quantities of heavy metals in waster water are discharged 
into rivers. These metals can be strongly accumulated and biomagnified along water, sediment, and 
aquatic food chains, thus resulting in sublethal effects or death in local fish populations [2-5]. Heavy 
metals like copper and zinc are essential for fish metabolism, while others such as mercury, cadmium, and 
lead have no known role in biological systems [6]. For the normal metabolism of fish, the essential metals 
must be taken up from water, food, or sediment. However, similarly to the essential metals, non-essential 
metals are also absorbed by fish (where they ultimately accumulate in the tissues). Studies from field and 
laboratory experiments have shown that the accumulation of heavy metals in fish tissue is mainly 
dependent upon concentrations of the metals in surrounding water, in addition to the exposure period [7] 
(although some other environmental factors such as salinity, pH, hardness, and temperature are also found 
to play a significant role in metal accumulation). Ecological needs and the size of aquatic animals have 
also been found to affect their inclination towards metal accumulation [8-10]. 
Therefore, it is important to better understand the relationships between animal size and the 
concentrations of both essential and non-essential metals. Heavy metal pollution of water and sediment in 
the Yangtze River basin has attracted much attention from researchers [11-13]. However, to the best of 
our knowledge, existing studies have not examined the relationships between metal concentrations and 
fish size. Thus, the aim of this study is to determine heavy metal (Cd, Cr, Cu, Hg, Pb, Zn) levels in the 
muscle tissue of seven fish species (silver carp Hypophthalmichthys molitrix, grass carp 
Ctenopharyngodon idellus, crucian carp Carassius auratus, carp Cyprinus carpio, Coreius heterodom, 
catfish Silurus asotus, and yellow-head catfish Pelteobagrus fulvidraco) residing within the Yangtze 
River, and to investigate the relationships between fish size (length and weight), and condition factor with 
metal concentrations. 
2. Materials and methods 
2.1. Study sites 
The Yangtze River, being the third longest river in the world, is also the longest and largest river in 
China. The Yangtze River is 6300 km long, and has a watershed of 1.80 million km2. It is divided into 
several reaches. The upper reach consists of the region between the source and Yichang (the Three 
Gorges Dam), the middle reach runs between Yichang and Hukou (Poyang Lake mouth), and the lower 
reach runs between Hukou and Datong. All sections downriver from Datong are considered to be the 
estuary. In this study, the samples were collected at seven sites in the reach from Yibin to Hukou during 
1996-2003 (Fig. 1). All sampling procedures were carried out according to internationally recognized 
guidelines [14].  
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Fig. 1. Sample sites distribution. YB, Yibin; BN, Banan; WZ, Wanzhou; YC, Yichang; JZ, Jingzhou; CLJ, Chenlingji; WH, Wuhan; 
HK, Hukou; NJ, Nanjing; SH, Shanghai; TGP, Three Gorges project; GZB, Gezhouba dam. 
2.2. Sample collection, analysis and data analysis 
Sample collection and analysis methods see reference [7]. 
Data analysis was carried out by means of the statistical software package, SPSS 15.0. Chemicals 
showing concentrations under the limit of detection (LOD) were assumed to have a concentration equal to 
one-half of that value (ND= ½ LOD). The pearson correlation test was used to check for significant 
relationships between heavy metal concentrations and individual length, net weight, and the condition 
factor of fish studied. The level of significance was set at a probability lower than 0.05 (p < 0.05). To 
evaluate significant differences between groups, the Levene test was applied to verify the equality of 
variances. Subsequently, ANOVA or Kruskal Wallis tests were applied according to the distribution of 
the data (normal or not, respectively).  
To study the effect of the condition of heavy metals on the load of fish, the individual condition factor 
of fish samples was determined using the Fulton’s Condition Factor [15]: K= 100 w/l3( where w and l are 
the recorded net weight and total length of a fish, respectively). 
3. Results 
Table 1 shows fish species, the numbers of fishes sampled, length and weight ranges, and their 
relationships. The fish samples under study belonged to the 0 to 7 year age group. They ranged in length 
from 23 to 731 mm, and in net weight from six to 8048 g. Table 2 shows mean metal concentrations and 
their standard deviations. The highest copper and zinc concentrations were found in yellow-head catfish, 
while the highest cadmium and lead concentrations were found in crucian carp. The highest mercury 
concentrations were found in catfish. Chromium concentrations varied between the fishes, with the 
common carp showed the highest levels. Generally speaking, catfish and yellow-head catfish had 
relatively high metal concentrations, while silver carp and grass carp had relatively low metal 
concentrations.  
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Table 1. Size ranges and the relationships between weight (W) and total length (L) of the fishes silver carp Hypophthalmichthys 
molitrix (HM), grass carp Ctenopharyngodon idellus (CI), crucian carp Carassius auratus (CA), common carp Cyprinus carpio (CC), 
Coreius heterodom (CH), catfish Silurus asotus (SA), and yellow-head catfish Pelteobagrus fulvidraco (PF) caught from the 
Yangtze River 
Species n L. ranges W. ranges Equationa R value 
HM 53 18-69.4 372-8048 y = 3.0472x0.3633 0.93 
CI 40 10.2-73.1 163-7227.5 y= 0.1174x2.54 0.99 
CA 20 2.3-20 9.1-211 y = 0.0344x + 10.263 0.93 
CC 56 5.5-50.4 95-3154.4 y = 2.9268x0.3536 0.95 
CH 46 7-31.6 35-469.7 y = 0.168x2.24 0.93 
SA 37 3.6-39.8 20-7420 y = 4.7675x0.324 0.93 
PF 40 6.4-35.8 6-488 y = 0.0576x + 11.484 0.93 
a  y is total fish length (cm) and x is total fish weight (g). 
Table 2. Mean concentrations of metals and standard deviations in the tissues of fish caught from the Yangtze River (mg/kg wet w.) 
Species Age Copper Zinc Lead Cadmium Mercury Chromium 
HM 0-3 0.771±0.726 3.39±2.89 0.529±0.493 0.062±0.051 0.006±0.009 0.206±0.252 
CI 0-3 0.834±0.655 2.8±3.17 0.21±0.236 0.0457±0.0449 0.006±0.013 0.121±0.0874 
CA 0-5 0.934±0.406 6.445±6.72 0.811±0.763 0.132±0.144 0.0079±0.0114 0.19±0.16 
CC 0-4 0.99±0.89 5.0±4.7 0.43±0.45 0.096±0.108 0.015±0.03 0.239±0.178 
CH 0-4 0.97±1.09 3.45±3.82 0.53±0.62 0.085±0.164 0.005±0.01 0.123±0.074 
SA 0-7 0.78±0.63 4.6±4.3 0.55±0.58 0.115±0.128 0.0304±0.0582 0.209±0.153 
PF 0-2 1.22±1.11 7.55±6.89 0.607±0.83 0.1±0.15 0.017±0.029 0.10±0.076 
a Metal concentrations among the tissues from different fishes were compared statistically using one-way ANOVA. All comparisons 
were statistically significant at P<0.01. 
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Tables 3 shows the relationship between metal concentrations and fish size (length and weight), and 
the relationship between metal levels and condition factor. There were no substantial differences noted in 
the effect of length or net weight on the tissue metal concentrations. Therefore, length was considered as 
the basic measure since it is less likely to be subjected to major fluctuations than weight, which is highly 
influenced by changes in the proximate composition of muscle tissue(most notably in lipid percentage 
[16]).  
No significant relationships were found between fish length (weight) and copper. Positive correlations 
were found between fish size and zinc in grass carp (p<0.05), with lead in coreius heterodom (p<0.05),  
with cadmium in grass carp (p<0.05), and common carp (p<0.05). Between the fish size and mercury 
concentration measured for each species, positive correlations were found in grass carp (p<0.0001) and 
common carp (p<0.05), while negative correlations were found in catfish (p<0.05) and yellow-head 
catfish (p<0.001). Similar to the results for mercury, chromium had positive correlations related to size 
characteristics in grass carp (p<0.0001) and common carp (p<0.01), while having negative correlations in 
negative in yellow-head catfish (p<0.0001). 
Similar correlations were found between the heavy metal concentrations of fish and the individual 
condition factors, with characteristically opposite trends compared to those related to length (Table 4). 
Positive relationship the between condition factor and copper concentration were found in silver carp 
(p<0.01) and common carp (p<0.05). For cadmium, negative associations of cadmium concentration 
related to the condition factor were characteristic were found in grass carp (p<0.05). Significant negative 
relationships were also found between the condition factor and mercury levels in silver carp (p<0.0001) 
and grass carp (p<0.01), and positive relationships were found in catfish (p<0.05) and yellow-head catfish 
(p<0.05). Negative correlations were found in relation to the condition factor in grass carp (p<0.01) and 
positive in yellow-head catfish (p<0.0001). 
Table 3. Pearson correlation coefficient (R) and levels of significant (P) for the relationships between heavy metal concentrations 
and fish size (length and weight), in terms of condition factors associated with the fish caught from the Yangtze River (mg/kg wet 
w.) 
Species Data Copper Zinc Lead Cadmium Mercury Chromium 
HM DF 41 34 41 40 37 35 
Length 
R  -0.282 -0.248 -0.245 -0.149 -0.123 -0.151 
P  NSa NS NS NS NS NS 
Condition 
factor 
R  0.404 0.463 -0.053 0.172 -0.616 0.061 
P  0.009 0.006 NS NS <0.0001 NS 
        
CI DF 28 25 30 30 27 27 
Length 
R  0.064 0.448 0.027 0.413 0.626 0.637 
P  NS 0.025 NS 0.023 <0.0001 <0.0001 
Condition 
factor 
R  -0.077 -0.389 -0.11 -0.399 -0.503 -0.485 
P  NS NS NS 0.029 0.008 0.01 
        
CA DF 13 11 13 13 13 13 
Length 
R  0.176 -0.338 -0.418 0.182 0.357 0.462 
P  NS NS NS NS NS NS 
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Condition 
factor 
R  0.193 0.344 0.162 0.278 0.01 0.145 
P  NS NS NS NS NS NS 
        
CC DF 47 43 47 46 40 39 
Length 
R  -0.181 0.04 0.265 0.358 0.231(0.366) 0.425 
P  NS NS NS 0.014 NS(0.02) 0.007 
Condition 
factor 
R  0.358 0.29 -0.034 -0.184 0.232 -0.085 
P  0.014 NS NS NS NS NS 
        
CH DF 24 24 24 24 24 24 
Length 
R  -0.17 0.248 0.448 -0.116 -0.211 0.248 
P  NS NS 0.028 NS NS NS 
Condition 
factor 
R  0.037 -0.105 0 0.375 0.341 0.115 
P  NS NS NS NS NS NS 
        
SA DF 30 28 31 30 20 16 
Length 
R  -0.004 0.03 0.109 0.029 -0.542 -0.069 
P  NS NS NS NS 0.014(NS) NS 
Condition 
factor 
R  -0.047 0.058 0.025 -0.029 0.501 0.475 
P  NS NS NS NS 0.024 NS 
        
PF DF 28 28 27 27 23 22 
Length 
R  0.073 0.114 -0.005 0.072 -0.648 -0.659 
P  NS NS NS NS 0.001 0.001 
Condition 
factor 
R  -0.169 -0.167 0.049 -0.05 0.509 0.794 
P  NS NS NS NS 0.013 <0.0001 
a NS, not significant, P>0.05. 
4. Discussion 
This study mainly aimed to investigate relationships between heavy metal concentrations in fish with 
fish size. 
Relatively low concentrations of heavy metals were identified in grass carp. While relatively high 
metal concentrations were identified in both yellow-head catfish (1.22 for Cu, 7.55 for Zinc, 0.607 for 
Lead, 0.1 for cadmium, and 0.017 for mercury) and catfish (0.78 for Cu, 4.6 for Zinc, 0.55 for Lead, 
0.115 for cadmium, 0.304 for mercury, and 0.209 for chromium). 
The relationships between metal concentrations and the fish size parameters are listed in table 3. 
Results show that there are positive relationships between fish sizes and metal levels in most cases, with 
negative relationships found only in the levels of mercury and chromium pertaining to catfish and yellow-
head catfish size. According to previous studies, Al-yousuf et al. [17] found that the concentration of Zn, 
Cu, Hg, and Cd in Lethrinus Lentjan demonstrates a positive correlation with fish length and weight. An 
assessment of heavy metal contamination of marine biota (fish and various bivalves) was made in the 
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Gulf and Gulf of Oman, where total Hg concentrations were found to generally increase with the age and 
size of the fish [18]. The Hg content in both the liver and the muscle depended upon the size (wet weight) 
of the fish. This has been demonstrated previously only for Hg concentrations found in grouper muscle as 
a function of fish length [19-21]. Mercury is known to bioaccumulate in fish, and thus relatively high 
concentrations can be expected to be attained in top predators. Guo [22] found that for Branchiostoma 
belcheri, a positive correlation existed between concentrations of Cu and Zn with fish length, and 
concentrations of Hg and Cd with fish length and weight; however, no significant relationship was found 
between Pb and fish length and weight. Widianarko et al. [23] investigated the relationship between metal 
(Pb, Zn, Cu) concentrations and fish (Poecilia reticulata) size, and found that there was a significant 
decline in lead concentrations with the increase in size (whereas concentrations of copper and zinc did not 
depend on body weight). Some research has shown negative relationships between fish size and the metal 
concentrations found in those fish [6, 24, 25].  
Despite these studies, there are no definite or established relationships between heavy metal 
concentration and fish size. Metal accumulation in fish has been found to reach a steady state after a 
certain age [26]. This indicates that concentrations of copper and zinc are regulated and maintained at 
certain concentrations. However, the dilution of tissue metal concentrations associated with growth and/or 
lowered metabolic activity in older individuals may not be seen if metal concentrations in the surrounding 
water are found to be higher than the capacity of these factors. In this case, the continued accumulation of 
metals may occur, and positive relationships may be seen between animal size and metal concentrations 
in tissues. 
5. Conclusion 
The results obtained from this study indicate that the concentration of trace metals in fish varies 
significantly; not only as a function of fish size and the pollution load of each respective site, but also as it 
is influenced to a remarkable degree by the sediment accumulation of each area. 
Heavy metal levels of sediment in different reaches were not measured as a part of this study; however, 
it is necessary for future research to focus on sediment heavy metal concentrations. Research must also 
analyze the relationship between sediment heavy metals and metal levels detected in fish.  
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